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23tWGINEATZERo RAMBYmS OFTAIL-PIPEBURKENG 

By Bruce T. Lundin, .Harqy W. &man, and Dad.d s. Gabriel 

The perfo~aance of a turbojet engine equipped with a tail-pipe 
burmr designed by the NACA haa been investigated at zero ram over a 
range of rotor speeds and tail-pips-burge? fuel.fTows. The burner ie 
eimple ig construction, consiatlng eseentially of au enlarged tail 
pipe incorporating fuel-spray nozzlea and a flame holder. An 
adjustable-area exhaust nozzle ie instalied at the burner diEcharge. 

A thrust aueentation of 40 percent W~EJ obtained at zero ram for 
a tail-pipe-burner fuel-air ratio of 0.043 or a total fuel-air ratio 
of 0.056; The -over-all aFec"flc fuel corkmption for this thrust 
increase was about 3.1 pound.8 per hour per pound of thrust. These 
tests were conducted with turbine-discharge preseuree lower than normal 
and therefore slightly higher thrust aueplcntations would be expected 
under rated engine operatlqg oonditlons. Caicuiationa of engine and 
burner performance at rem conditione, based on the test data, tidicate 
a net-thrust augzentatfon of 140 percent at a flight speed of 900 miles 
per hour. 

Although the maximum tail-pipe-burner diecharge temperature6 were 
estimated at'about 4000° R, the temperature of the burner shell and 
adjustable nozzle did not exceed l2OOo F for any test. Thie condition 
obviated the need for any special cooling of the burner shell. 

The loss in thrust without afterburning caused by the internal 
draG of the tail-pipe burner was 6.7 percent for a tee-t condition with 
oversized e&au&-nozzle area and therefore lower.than rated turbine- 
discharge preeeure and temperature. Calculations &ow that this value 
would be reduced to about 3$ percent at rated engine conditione. 
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INTPOIKETION 

The inherently low propuisive efficiency cxf turbojet engines at 
low flight speeds results in relatively poor take-off and climb 
characteristics of jet-propelled aircraft as compared with conven- 
tional engine-propeller powered air&aft. In order to improve the 
low-speed flight characteristics of jet-propelled aircraft, it is 
necessary to augment the normal engine thrust for short periods of 
time. The availability of momentary thrust augmentation is partic- 
ularly desirable for m-llitary aircraft in order t3 obtain the addi- 
tional thrust required for high-speed flight. 

An investigation of various methods of au@enting the thrust of 
turbojet engfnes is being conducted at the IUCA Cleveland labcratory. 
One of the methods being investigated is tail-pipe burning, or sfter- 
burning, wherein the gas temperatures and jet velocities are increased 
by the burning of additional.fuel in the tail pipe of the engine. This 
method of thrust augnentatiion is particularly advantageous because of 
the esse of operation and relatively low liquid consumption as compared 
with other methods. Because cnly a small amount of additional equip- 
ment ie required for the tail-pipe-burner installation, which consists 
mainly of an adjustable-area exhaust nozzle and enlarged tail pipe 
incorporating fuel aozzles and a flame holder, this method also has 
the practical advantage of simplicity of installation. 

A wind-tunnel in.vesti.gation of a turbojet engine equipped with a 
tail-pipe burner, which was conducted under various flight and alti- 
tude conditions, is described in reference 1. A concurrent investi; 
gation of the performance of various other types of tail-pipe burner 
was conducted at zero ram and sea-level conditions, The tail-pipe 
burner incorporating the most satisfactory design features investi- 
gated and the performance of a.turbojet engine equipped with this 
burner are described. This performance investigation covered a range 
of rotor speeds and tail-pipe-burner fuel flows. The results are 
compared with the performance of the engine with the standard tail 
pipe and the effect cxf the tail-pipe burner without afterburning on 
the thrust of the engine is evaluated. 

APPARATUS 

Test engine. - The performance of the tail-pipe burner was inves- 
tigated on a TO-180 turbojet engine, which has an 11-stage axial-flow 
compressor, eight cylindrical combustion chambers, and a single-stage 
turbine. The rating of the engine is as follows: 
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Staticthrust,pounds... S m . . . . . . . . . . . . . . . 4000 
Rotor speed, rpa . . . . . . . . . . : . . . . . . . . . . . 7700 
Tail-pipe gas temperattie, ?R . . . . . . . . . . . . . . . . 1660 

For all tests, JR-1 fuel was.used in the.engine and AM-F-22 fuel was 
used In the tall-pipe burner. 

Engine installation. - The general arrangement of the installation 
of the engine with the standard t&l piFe fs shown in figure 1. A 
spherical "clam-shell" type ad&stable-area exhaust nozzle having a 
discharge-area range from 224 to 283 square inches was fnstalled at 
the end of a 30-inch long tail p%pe- This short tail pipe, which has 
an inside di,smeter of 21 inches, was installed to provide for discharge 
of the exhaust gas outside the test ce;L; The engine was mounted on 
a swinging framework suspended from the ceilfng of the test cell and 
the engine thrust was balanced and measured with an air-pressure dia- 
phragn (fig. 1). An inlet-air nozzle, fitted with an exit dfffuser, 
wae used to determine the air flow. The engine speed and fuel flows 
were measured with standard instrumentation. 

I Tall-pipe burner. - Several different QTpes af tail-pipe burner 
were investigated; the complete assembly of the engine with the burner 
that incorporated-the most sat:sfactory design features is shown. in 
figure 2. This burner is simple in construction, consisting essen- 
tially of an enlarged tail pip, which incorporates fuel-sway nozzles 
and a flame holder. A sketch of the tail-pipe burner showing the 
details of constructIon is shown fn figure 3; a photograph of the 
burner aseemblg removed froaLthe engine is shown in figure 4. 

The burner shell consists of a 6-foot section of straight duct 
made out of one-sixteenth inch thick Inconel and has an inside diameter 
of 2 !z 

&r 
inches. The burner is attached to the engine by means of an 

annul diffuser secticn having an outlet-to-inlet area ratio of 1.5 
and a short adapter section, which is bolted to the turbine-dfscharge 
flange (fig. 3). The annular diffuser is formed by an inner cone, 
similar to but slightly shorter than the standard turbine-discharge 
inner cone, and an outer duct. An adjustable-area etiaust nozzle 
similar to that used in the standard tail pipe and wfth a dischsrge- 
area range fram 265 to 397 square inches is fitted to the discharge 
of the tail-Ripe burner. 

As shown in figure 3, the fuel was introduced into the tail-pipe 
burner through two rings of spray nozzles, an upstream ring and a 
downstream ring. The upstream spra.v-nozzle ring protrudes about one- 
eighth inch from the surface of the turbSne-discharge inner cone near 
the turbrne discharge and consists of twenty 40-gallon-per-hour 
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nozzles. The downstream nozzle ring consists of eighteen 60-gallon- 
per-hour spray nozzles located within the tail-pipe burner near the 
end of the turbine-discharge inner cone. The spray nozzles in this 
second ring, which has a diameter of 14; inches, were directed down- 
stream. A small step in the turbine-discharge inner cone provided a 
seat for the flame produced by the fuel injected from the upstream 
ring of nozzles. A 2 inch wide, semitor&lal flame holder having a -- 
dismeter of 16 inches was located approximately g-inches d-stream 
of the downstream ring of spray nozzles. A photograph of the adapter 
section and the modified turbine-discharge inner cone, showing the 
upstream ring of fuel nozzles, is presented in figure 5. A photograph 
of the tail-pipe-burner section, including the downstream fuel nozzles 
and flsme holder, viewed from the upstream end is shown in figure 6. 
A single spark plug located near the step in the turbine-dLscharge 
inner cone was provided for ignition. 

Temperature and pressure instrumentation. - The stations at which 
the engine with the standard tail pipe a&the tail-pipe burner were 
instrumented for temperature and pressure measurements tie shown in 
figures 1 and 2, reepectively, 

The number, type, and location of thermocouples were as follows: 

(a) Total temperature at compressor inlet (station 1) Tl: aver- 
age of 20 thermocouples, five in each of four rakes 90' apsrt in the 
inlet annulus. 

(b) Indicated gas temperature at turbine discharge (station 5) 
T5: average of eight strut-type thermocouples located approximately 
4 inches downstream of the turbine discharge, t inches in from the 
duct wall, and on the center line of each of the eight combustion 
chambers. 

(c) Gas temperature at standard tail-pipe inlet (station 6) T6: 
average of eight strut-type thermocouples equally spaced in a circle 
4 inches in from the tail-pipe.wal.1. 

The number, type, and location of proaeure tubes were as follcws: 

(a) Total pressure at compressor inlet (station 1) Pl: average 
of eight total-pressure tubes, two in each of four rakes 900 apart; 
(check provided by open-end tube in quiet zone of test cell). 

(b) Static pressure at tail-pipe-burner inlet (station 6) p6: 
pressure of piezometer ring connected to four equally spaced wall taps. 
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(G) Static pressurs at tail-pipe-buruer outlet (station 7) p7: 
preseure of p?.ezometer ring connected to four equally spaced wall 
taps. 

Four thelmocouplee were also spot-welded to the ahell of the 
tail-pipe burner and to the adjuetable-area exhauet nozzle at the 
locations shown in figure 2. 

PROCEDURE 

The following teste were conducted to,determine the performance 
and operating characterietica of the engine equipped with the tail- 
pipe burner: 

Teet A. - Engine perfowe teets using the standard teil pipe 
were conducted for four polsftions of the adjuetable$rea exhaust 
nozzle over a range of indZcated rotor epeeda from 6OXJ to 77GO rpa, 

Teat B. - Performance tests of the engine epufpped w5.th the 
tail-pip8 burner were run for a range of total tail-pi-ye-burner fuel * 
flows fram 1.13 to 3.0 pounds per second and over a range of indicated 
rotor speede from 65~0 to 7730 r-p. The po5itFon of the adjustable- 
area exhaust nozzle W&B varied as required to maInkIn the turbine- 
discharge taperaturee within the rang+ of those obtained in the tests 
with the standard tail pipe. For each total tafl-pipe-burner fuel 
flow, the ~rqortion of fuel injected in the uyetream and downstream 
fuel manifold5 was varfed within the range 'of sati5fectory burner 
operation. 

Te& C. - Performance te5ts of the engine equrpped with the 
tail-p128 burner were conducted without afterbwning, with the 
adjustable nozzle in the closed poeition, and over a range of rotor 
speeds from 6OOO.to 7700 r-p. Thie teat was conducted to evaluate 
the lose in en&918 thruet without afterburning caused by the internal 
drag of the tail-ripe burner. 

Teet D. - Test A was repeated to determine the change in standard- 
engine pexfornmnce that occurred during the tail-pipe-burner and drag .' 
teats. 

No apeolal effort wae made in any of these te5ts to provide an 
ignition sgetem that would ignite the tail-pipe burner at high engine 
8~88d49. With the burner ignition system -aed it wa5 neceesary to . 
r6dUCe the rotor speed to approximately 4COO rpn before igniting the 
burner. 



6 NACA RM No. E6J21 

sYMBoIs 

Th8 following symbola a3?8 Used in thie report: 

F thrust of mgine with etandazd tail pipe, (lb) 

% 
f 

thrust of engine with tail-pipe bW?'n8r, (lb) 

total lspeclfic fuel consumption for engine and tail-pipe 
bt.U?Ier, (lb)/(hr)(lb thrust) 

(f/a)b 

N 

tail-pipe-burner fuel-air ratio 

rotor speed, (qm) 

total pr855Ur8, (lb/sq in. absOlUt8) 

static preesure, (lb/q in. ab8OlUt8) 

tai~-pip8~~bLUTr8r inlet velocity pressure (based on average 
v8lWity computed for 88CtiOn 6-6, fig. 2), 
(lb/q ft abBOlUt8) 

T 

wa 

'f,b 

Wf,e 

APf 

total (indicated) gas temperature, (si) 

air flow, (lb/a8c) 

fU81 flow t0 tail-pipe burner, (lb/Sac) 

fuel flow to engine, (lb/hr) 

friction static-preesure drop between statione 6-6 and 7-7 
(fig. 2), (lb/q ft absolute) 

6 

8 

ratio of ccxnpressor-inlet total pressure Pl to NACA standard 
sea-level pre55ure 

ratio of compressor-inlet tstal temperature Tl to RICA 
standard sea-level temperature .. .- 

Subscripte: 

1 compressor inlet 

5 tUrbin8 discharge 

6 tail-pip0-bI.En8r inlet (or tail pipe) 

7 tail-pipe-burner outlet 

I 

c 
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MEIEOD OF COF33ECTIOX Am DATA AMLYSIS 

All engine performaz e data are corrected to standard condition8 
txt the compressor inlet by mean& of the following correction factors: 

f/p corrected total specffic fuel con8umption, 
(lb)/(hr)(lb thruet) 

B/El corrected thrust, (lb) 

W-D correct6d rotor speed,(w) 

T/Q corrected temperature, (%) 

h38 -- 
6 corrected air flow, (lb/aec) 

'f,e 
fw 

corrected fuel flow to engine, (lb,'hr) 

wf,b 
s&F corrected fuel flow to tail-pipe burner, (lb/set) 

The fuel flow to the tail-pipe burner Wf,b TB corrected in the 
same manner a6 the engine fuel flow Wf e in order to keep the game 
tail-pipe-burner temperature ratio, hen&e the came thrust augmentation, 
over the.range of the correction. 

The engine thrust obtained with the tail-pipe burner should be 
compared with the thrust obtained with the standard tail pipe at the 
8ame corrected rotor epeed and turbine-dlecharge gas temperature. 
Because of the pces:bility that differences in the thermocouple loca- 
tions end ths tail-gipe design for the two configurati~ might cause 
the use of measured turbine-dfecharge temperatures to result in an 
unreliable comparison of engine Ferfolmance, the corrected en&ne fuel 
flow wa6 used aa the reference parameter. For each test pOint.with 
tail-pig9 burning, the exhaust-nozzle size for the stendard engine 

, 

that resulted in the same corrected engine fuel flow (at the fame 
corrected speed) was determined from the curves of test D and the 
correeponding thrust of.the engine with the etandard tail pipe deter- 
mfned for this nozzle size. Because the turbine-diecharge temperature 
for both configurations would be the same at the came corrected rotor 
apeed and =engZZe fuel flow if the component efficiencies of the engine 
did not change, the comparieon of engine thruet obtained in thie manner 
is effectively made at the same rotor speed and turbine-discharge gae 
teqerature. 
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RESULTS AND DISCUSSION 

Engine with Standard Tail Pipe 

The thrust of the engine -wLth the etandmd tail pipe at a cor- 
rected rotor speed of 7500 rpm for tests A and D is shown plotted 
against the corrected fuel flow to the engine in figure 7. These 
data were obtained from cross plots of engine thrust against rotor 
speed for the different positions of the adjustable-area etilaust 
nozzle and show that the change in engine l&rust during tests B and 
c is very small. Because of this mall chmge in engine thrust, 
the performanoe of the engine with the standard tail pipe may be 
obtained from either test A or D. Accord-‘.ngly, the results of test D 
are used as a basis for evaluation of tests B and C. 

The perfomnance CL!? the en&e with the &an&d tail pipe 
(obtained fram test D) is shown in figure 8, .in which corrected- 
thrust, fuel flow, turbine-d%scharge gas temperature, ta-ll-pipe gas 
temperature, and air flow are plotted against the corrected rotor 
speed. The turbine-discharge temperature' TS is about 100' F higher 
than the tail-pipe gas temperature T6 because It was measured by 
thermocouples located in a hot region of a circumferentially uneven 
temperature field at the turbine discharge. D-urlng tests with both 
the etsndard tafl pipe (tests A and D) and with the tail-pipe burner 
(test B), the engine was operated with tail-pipe gas temperatures 
approximately 100' F belo'w normal in order to prolong the eng2ne life, 
The increased exhaust-nozzle area required to maintain these lower 
temperatures resulted in lower pressures with approximately the same 
gas velocity at the inlet to the tail-pipe burner as compared with 
rated engke operation. Because these changes in temperature and 
pressure are considered adverse to combustfon, this test procedure 
is considered conservative insofar as the combustion characteristics 
of the tail-pipe burner are concerned; These lower tail-pipe-burner 
inlet pressures would also result in alightly lower thrust amnta- 
tion for ths same burner temperature ratio, as will be illustrated 
later. 

Engine with Tail-Pipe Burner, No Afterburning 

A compar%son of the performance of the engine with the tail-pipe 
burner without afterburning (test C) to the engine perfozmance with 
the standard tail pipe (test D) is shown in figure 9. Bar this com- 
parison, the performance of the engine with the standard tail pips is 
given for the same engine fuel flows as obtained with the tail-pipe 
burner. The engine thrust for both of these tests is lower than ,the 
maximum obtained in test D (fig. 8(a)) because the tinimum area of 
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. 

the burner tail-@;?e nozzle was too large IX permit oseratlon without 
afterburning at desired turbine-discharge gas temperatures. Acuz- 
Darison of tests C and D shows that the tail-pipe burner causes a 
loss in thrust of about 6.7 percent (2CClb) at a corrected rotor 
speed of 77OC rpm (fig. S(a)). Becaui3e of the lower pressures in the 
tail pipe caused by the oversized exhaust nozzle, this 10s~ in thrust 
is higher than would be obtained if the engine were operated at 
rated conditions. Theoretical calculations based on this measured 
thrust loss at the conditZ.ons of the test indicate that a loss of 
thrust of about 3; percent would occur if the exhaust-noizle area 
were sufficiently reduced to ma:ntain mexi~.~ allowable gas temper- 
atures. As would be expected, both the tail-pipe gas tmeratures 
and the air flow are only slightly affected by the "installation of 
the'tail-pipe burner. 

The friction pressure-drop coefficFent Apf/qb sf the tall-pipe 
burner was determined from the measured static-pressure drop between 
the burner inlet snd the burner outlet and had a constant value of 
about 0.30 over the range of the tests, Although this gressure-drop 
coefficient is cons?dered only approximate becauhe of the difficulty 
of accurately measuring the small di-fference in pressure, it indicates 
that the internal drag of the burner is low, 

Ekagine with Tail-Pipe Burner, Afterburning 

Engine mormance. - The corrected performance of the engine 
with sf'terburning over a range of rotor speeds and for various fuel 
flows tit0 the tail-pipe burner (test B) is presented in tabie I, 

The ratio of the thrust obttined with the Bail-pipe burner to 
the thrust obtained with the standard tail pipe at a corrected rotor 
speed of 7500 rs (indfcated rotor 8Feed, approximately 7700 KEEL) is 
plotted against the ratio of tail-RZpe-burner fuel-a- ratlo to 
turbine-discharge gas temperature (f/a)b/T5 in figure 10. When the 
effects of dissociation and variable specific heats are neglected, 
the factor (f/a)& is proportional to the tail-pipe-burner tem- 
perature ratio and therefore serves to correlate the data. Amax= 
increase In thrust of 40 percent wse obta:ned, at which point the 
corrected tail-pipe-burner fuel-air ratio was 0.043 (total fuel-air 
ratio, 0.056) and the corrected turbine-discharge gas t-era-Lure 
was 1600° R. The scatter of the data fs attributed mainly to varia- 
tions in tail-pipe-burner effiofency and also in part to variations 
fn turbfne-discharge pressure between the various test points. 
Althou& a superficial examination of the data may indicate that 
highest thrust augmentation is obtained when 50 to 60 percent of 
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the fuel is injected in the upstream fuel nozzles, the effect of the 
variation in turb'ne-discharge pr&ssur&s would obscure any effect 
of the fuel-injection method on the thrust augmentation. The effect 
of the method of fuel injection on the operating characteristics of 
the tail-pipe burner is subsequently discussed. 

A plot of the thrust augmentation as a function of the- total 
specific fuel consumption ie pr&sented in figure 11 for a corrected 
rotor speed of approximately 7500 r-pm. This curve shows that the 
total specific fuel consumption increases from about 1.1 to 3.1 pounds 
per hour per sound of thrust as the ausentation increask from 0 to 
40 percent. The scatter of the tsst points is attributed mainly to 
variations in tail-pipe-burner and turbine-discharge pressures, as 
was noted in figure 10 and, to a lesser extent, to changes in the 
turbine-discharge temperatures; 

The thrust augmentation is replotted as a function of the ratio 
of tail-pipe-burner outlet temperature to inlet tqerature in fig- 
ure 12. The theoretical thrust augmentation for both rated turbina- 
discharge conditions and the average conditions obtained during 
test B is included for comgarieon. The calculations for thee& theo- 
retical curves wer& based on the internal drag of the tail-pipe burner 
ae determined from the measured thrust lose of test C. It is noted 
from these theoretical curves that the thrust augmentaticn for any 
fixed temperature ratio is higher for rated engine conditions than 
for the average conditions of the tests. This difference is mainly 
due to the smaller effect of burner aressure drop at the higher 
burner-inlet pressures attendant with rated engine operation. From 
these considerations, it may be expected that thrust augmentations 
greater than 40 percent would be obtained with the present tail-pipe 
burner at rated engine operating conditions. 

The temperature ratio for each of the test points was calculated 
from the measured tail-pipe-burner fuel-air ratio and turbins-discharge 
temperature, including the effects of dissociation and variable spe- 
cific heats. Although a high degree of accuracy cannot be claimed for 
calculations of t&mperature ratio at rich mixtures, the good agreement 
bel;ween the theoretical curve (for the test corditions) and the test 
points indicates that the over-all efficiency of the tail-pipe burner 
k-as high. 

Because both the propulsive efficiencg of the engino and the 
turbine-discharge pressure increase with flight speed, the net-thrust 
au@nentation for any fixed tail-pipe-bWfX9r temperature ratio al80 
increases as the flight speed is raised. This characteristic is 
illustrated in figure 13 in which the calculated net-thiust aueplen- 
tation is plotted against flight speed in mi~3s per hour for sea-level 
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conditions. A scale of corresponding flight Mach numbers is included 
for convenience. Curves for both rated engine qerating conditions 
and for the turbine-discharge conditiona obtained for the test po%nt 
at the highest tail-pipe-burner fuel flow are presented in this fig- 
ure. The variation of engine operating conditions with flight 
speed was deteitined from calculations based on the performance 
curves of figure 8 and the thrust augmentation was calculated by 
theoretical methoda. Both of the curvea were calculated for a con- 
stant temperature-rise ratio of 2.34; this tqerature ratio is the 
ratio required to obtain a thrust augmentation of 40 percent at zero 
ram for the conditions of the chosen test pint. The tail-pipe gas 
temperature was assumed to be held constant (at 14750 R for test 
conditions and 166C" R for rated conditions) over the range of flight 
speeds by adjustment of the exhaust-nozzle area. 

No combustion difficulty would be expected with the tail-pipe 
burner at high flight speeds because cf the considerable increase in 
burner-inlet pressure which, aa was noted previously, ie favorable 
to combustion. The burner fuel-a? ratfo wculd, of course, be con- 
stant over the range of flight aweds because the tafl-pipe gas tem- 
perature was assumed constant, The curve calculat8d from actual test . 
conditions indicates that a thrust amntation of 144 percent may be 
expected at 900 miles per hour (ram-pressure ratio, 2.11 at sea level). 

Operating characteristics. - In general, the most satisfactory 
operation of the tail-pipe burner was obtatied when an equal or 
slightly greater quantity of fuel was injected in the upstream fuel 
nozzles than in the downstreamfuelnozzles. The Injection of 
greater quantities of fuel in the downstream fuel nozzles resulted 
in reduced. thrust augmentation and overheating of the burner shell. 
When more than 60 percent of the fuel was injected from the upstream 
spray nozzles, the combustion became rough and IntermLttent. Steady 
combustfon was obtained throughout the range of test conditions 
presented. 

Although the maxfmum tail-pipe-burner outlet temperatures are 
estimated at about 40CO" R, the temperature measured on both the 
burner shell and exhaust nozzle did not exceed 1200' F for any of 
the tests reported. This condition, which is attrzbuted to a layer 
of low-temperature gas along the inside of the burner wall, obviated 
the need for any special cooling of the tail-pipe-burner shell. 
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An investigation of thrust augmentation at zero ram conducted 
on a turbojet engine equipped with a simple tail-pipe burner designed 
by the NACA gave the following results: 

1. A thrust au.qentation of 40 percent u&a obtained at zero ram 
for a tail-pipe-burner fuel-air ratio of 0.043, or a total fuel-air 
ratio of 0.056. The over-all specWic fuel ccnsumption for this 
thrust increase was about 3.1 pounds per hour per pound of thrust. 
These tests were conducted w'rth turbine-discharge pressures lower 
than normal and therefore slightly hi&er thrust augmentations would 
be expected under rated engins c-pera-ting conditions. Calculations 
of engine and burner performance at ram Conditions, based on the teet 
data, indicated a net-thrust augnenta-tion af 140 percent at 900 miles 
per hour. 

2. Although the maximum tail-pipe-burner discharge ttimperaturos 
were estimated at about 4OCOo R, the tomperatura of the burner ahell 
and adjustable nozzle did not exceed 12OC' F for any test. This 
condition obviated the need for an2 special cooling of the burner 
shell. , 

3. The loss in thrust without afterburning caused by the internul 
drag of the tail-pipe burner wss 6.7 percent for a test condition 
with oversized exhaust-nozzle area and therefore lower than rated 

. 
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turbine-discharge preesure and temperature. Calculations show that 
this value would be reduced to about 3; percent at rated engine 
conditions. 

Aircraft Engine Research Laboratory, 
National Advisom Conanlttee for Aeronautics, 

Cleveland, Ohio. 

1. Fleming, W. A., and Dietz, R. 0.: Altitude-Wind-Tunnel Investi- 
gations of Thrurst Augmentation of a Turbojet Zngfne. 
I - Performance with Tail-Pipe Burning. NACA RM No, $6I20, 1946. 
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Run 

-7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
22 
23 
24 
26 
27 
28 
29 
30 
31 
34 - 

Rot03 
speei 
(WC 

6368 2247 21.92 55.07 1454 0.66 
6636 2644 2532 60.95 1472 .65 
7480 3192 3044 68.16 1510 .64 
6354 2557 2325 54.81 1508 -52 
6832 2987 2694 61.29 1525 .52 
7466 3610 3246 68.33 1576 .52 
6329 2757 2442 54.58 1566 .76 
6825 3291 2860 61.08 1586 .76 
7456 3965 3490 68.14 1647 .78 
6319 2817 2463 54.26 1581 .99 
6842 3381 2903 G1.44 1598 .98 
7463 3974 3472 68.45 1651 .97 
63E9 2776 2334 55.01 15pO 1.00 
6848 3295 2712 61.21 1551 1.00 
7500 3983 3323 68.39 $605 1.00 
6840 3295 2712 61.47 1552 1.20 
7497 4005 3302 68.68 ' 1609 1.19 
6909 3394 2747 61.92 1562 1.01 
7512 4127 3342 68.68 16l8 1.00 
6870 3477 2742 61.48 1570 1.26 
7506 4214 3362 60.68 1632 1.25 
7460 4193 3349 69.01 1597 -76 

hnlal 
(lb) 

hgine 
uel 
low 
lbb) 

Air 
flow 

lb/m) 

UlTbille- 
ischarge 
emper- 
tue 

(W 

-i- Tail-pipe- Tail-pipe- 
mer fuel I1 mer fuel I1 bul 

UP- 
atreenl 
lb/sot: 

Total atream 
:lb/sec) lb/aec: 

0,34 
.34 
.34 

1.00 
1.00 
1.00 

.76 

.7E 

.74 

.50 

.50 

.49 
1.01 
1.01. 
1.01 

.82 

.82 
1.49 
1.47 
1.26 
1.25 
2.19 

1.00 
.99 
.9a 

1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.49 
1.48 
1.46 
2.01 
2.01 
2.01 
2.02 
2.01 
2.50 
2.47 
2.52 
2.50 
2.95 

/II /II 

'uel- ratio Iconmmption 
tir (lb)/+) 
:tio (lb thrust) 

I.0182 0.0293 2.581 
.0163 I .0278 2.306 
.Q144 .0268 2.062 
-6278 -0396 3.052 
.0248 30370 2.736 
.D222 .0354 2.410 
.0278 .0403 2.069 
.0248 .om3 2.528 
.0223 .0365 2.248 
.0275 .a401 2.783 
.0241 .D373 2.437 
.0214 .a355 2.199 
.0365 .0483 3.447 
.'.I320 .0451 3.018 
.0294 .0429 2.651 
SO327 .O$d 3.021 
.0292 .W25 2.626 
.0403 .0526 3.456 
.0359 -0495 2.963 
.0408 .0532 3.389 
.0364 .0500 2.933 
a0427 .0562 3.331 
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Figure I. - Schematic diagram of installation of engine with standard tail pipe showing 
instrumentation stations. 71 
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Figure 2. - Turbojet engine with tail-pipe burner showing instrumentation stations. 
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Figure 3. - Sketch of tall-pipe burner for turbojet engine. 
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Figure 4. - View of completely assembled tall-pipe burner for turbojet engine. 



Figure 5. - View of adapter section and turbine-discharge inner cone for tai I-pipe 
burner showing upstream spray nozzles and step in Inrier cone. 
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Figure 6. - Upstream view of tall-pipe burner showing down- 
stream spray nozzles and flame holder. 
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Figwe 7. - Oompariscm of thrust tar en&w with standard tail pipe 
from tests A  and 0 at oaolreotedrotor speed of 7SQO rm 
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(b) Fuel flow. 

PfFe g* 
- Qontinued. Pergoxmanoe of engine with standard tail pipe for 

our posltlons of adjustable nozzle obtained in test D. 
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Plgure 8. - Qontlnuea. Performance ot engine with standard tall pipe for 
four positions of adJustable norszle obtained in test D, 



NACA RM No. E6J21 CWL Fig. 8d 

1700 

1600 

1500 

1400 

1300 

1200 

NATIONAL ADVISORY 
COMlltTEE FOR AERONAUTICS 

Nozzle opening 

1100 

1oo~600 6000 6400 6l500 7= 7600 1 

Corrected rotor speed, N/m, rim 
(d) Tall-plpe gas temperature. 

Figure 8. - Continued. Perfonnanoe of engine with standard tall pLPe for 
foUr positions of adjustable nozzle obtained in test 0. 
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kure 9. - Qomparlson of performance of engine with tall-pipe burner (with- 
. out afterburning) and with standard tail plpe at same engine fuel flows. 
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Qlgure 9. - Continued. Ocmparlson of performance of engine with tall-pipe 
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fuel flows. 
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Figure 9. - Continued. Comparison ot performance of engine with tall-pipe 
burner (without arterburning) and with standard tall pipe at same engine 
rue1 flows. 
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Figure 9. - Oonoluded. Oomparlson of performanoe oi engine with tall- 
pipe burner (without afterburning) and with standard tail plpe at same 
engine fuel flows. 
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FIguse 10. - Variation of thrust au@bentptlon uIth ratio of tail-pIpt&urner 
fuel-air rag.10 to turbIne+dIscbPrge gas temperature at correoted rotor 
speed of approximately 7500 rpr. 



Fig. tt 

1.5 

1.0, 

08.. I I “L.. I * *-I- NACA RM No. E6J2t 

NAT I ONAL ADV I SORY 
COMMt TTEE FOR AERGNAUT I CS GOhUt TTEE FOR AERGNAUT I CS 

Tall-pipe-burner fuel-flow Injeotlon, 
0 up~Feam DomcY=m 

percent 

: L? 
0 705 

Corrected total 6 eclflc fuel oonsumptlon, 
f d& (lb/hr)(lb thrust) P  

Figure 11. - Variation of thrust augmentat2on with total Speclflo fuel 
consumption for corrected rotor speed of approximately 7500 rpm. 
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Figtars 12. - 
Tall-pipe-burner temperature-rise ratlo, T7/T6 

Variation or thrust augmentation with tail-pipe-burner 
temperature-rise ratio. 
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Clgure 13. - Variation Of oaloulated thru6t augmentation with rllght speed 
for aonrtant turbine-disaharge teIItperatUN and tail-pip&-burner temper%- 
ture ratto of 2.34 at sea-level aondition8. 
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